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ABSTRACT 
The development of activities related to aquaculture has considerably increased the relevance of 
studies on parasites and other pathogens of aquatic organisms, especially those with potential for 
cultivation and commercialization. The objective of this study was to evaluate the susceptibility and 
occurrence of monogenetic infections in Colossoma macropomum, Piaractus mesopotamicus, 
Piaractus brachypomus and their hybrids. The animals were cultivated for 10 months in a closed 
recirculation system. After this period they were slaughtered and necropsies performed with total 
removal of the gills. These were fresh analyzed and positive for monogenetics were fixed in 10% 
formaldehyde. The monogenetics present in the gills of each fish were quantified and submitted to 
the preparation of slides to identify the genera. For identification, sclerotized structures were 
observed, such as hooks, anchors, haptor bars and copulatory complex; important in identifying the 
genera and species of this group. Based on the quantification, parasitism intensity and parasite 
occurrence were established. No fish collected showed clinical signs of parasitic infections. During 
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the parasitological analysis of the gills two genera of monogenetics Anacanthorus sp. and 
Mymarothecium sp. For Anacanthorus sp. Piaractus mesopotamicus species, pirapicu hybrids and 
post F1 animals were the most resistant animals. For Mymarothecium sp. pacu species and all hybrids 
showed resistance 
 
Keywords: monogenetics, Colosome, Piaractus, hydroxides. 
 
 
RESUMO 
O desenvolvimento das atividades relacionadas à aquicultura tem aumentado consideravelmente a 
relevância dos estudos sobre parasitos e outros patógenos de organismos aquáticos, principalmente, 
daqueles hospedeiros com potencial para o cultivo e comercialização. O objetivo deste estudo foi 
avaliar a susceptibilidade e a ocorrência de infecções por monogenéticos em Colossoma 
macropomum, Piaractus mesopotamicus, Piaractus brachypomus e seus híbridos. Os animais foram 
cultivados por 10 meses em sistema de recirculação fechado. Após este período foram abatidos e as 
necropsias realizadas com remoção total das brânquias. Essas foram analisadas a fresco e as positivas 
para monogenéticos foram fixadas em formol a 10%. Os monogenéticos presentes nas brânquias, de 
cada peixe, foram quantificados e submetidos ao preparo de lâminas para identificação dos gêneros. 
Para identificação foram observadas estruturas esclerotizadas, como ganchos, âncoras, barras do 
haptor e complexo copulatório; importantes na identificação dos gêneros e espécies desse grupo. Com 
base na quantificação, foram estabelecidas a intensidade de parasitismo e a ocorrência de parasitos. 
Nenhum peixe coletado apresentou sinais clínicos de infecções parasitárias. Na realização das 
análises parasitológicas das brânquias foram identificados dois gêneros de monogenéticos 
Anacanthorus sp. e Mymarothecium sp. Para Anacanthorus sp. as espécies Piaractus mesopotamicus, 
os híbridos pirapicu e os animais pós-F1 foram os animais mais resistentes. Para Mymarothecium sp. 
a espécie pacu e todos os híbridos apresentaram resistência  
 
Palavras-chave: monogenéticos, Colossoma, Piaractus, hidridos. 
 
1 INTRODUCTION 
The world’s aquaculture has grown more than any other sector of the primary activity. One of 
the reasons is the population growth and the demand for food that is healthy and rich in nutrients 
(Borghetti et al., 2003). In 2010, the national aquaculture was of 479.399, representing an increase of 
15,3% in relation to the 2009 production. There was an evident growth of the sector in the country 
with an increase of 31,2% in the production in the three year period 2008-2010 (MPA, 2012). Brazil 
has made significant progress in the research and development of new technique for fish culture. 
Promoting an increase in the number of fish species that can be raised in the aquaculture 
(Genovezetal., 2008). Among the raised species we can mention the round fish.The tambaqui is the 
second most raised fish in the country (MPA, 2012).The production of pacu, tambaqui, pirapitinga 
and its hybrids have shown a growing tendency in the Brazilian fish farming.There is still an 
uncontrolled hybridization in Brazil as an attempt to improve the production (BRASIL,2000). 
Interespecific hybridization has been used in fish farms to produce animals with a better 
performance than their parental species(hybrid power).It includes improvements such as better 
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quality of the fish,the food convertion,fast growth and the resistence to pathogens (Bekele; 
Hailemariam, 2010; Al-Shaheen, 2011). 
The compostion of the parasitic fauna of fish, in general, depends on the geographical 
location,the season of the year,the characteristics of the water,the fauna present in that habitat,among 
many other factors (Dogiel, 1970). The pathogenicity in fish has different, aspects depending on the 
habitat,which may be the natural environment or farming (Obiekezie; Taege, 1991). Parasites may be 
found in every fish organs, among them,the gills, and they may cause from little or no damage to 
major structural changes,as observed by Tavares-Dias et al., 2001 e Takemoto et al., 2004 on river 
and farming fish, respectively. The gills are structures that have vital importance in the fish 
metabolism and homeostasis,it being the case, the parasites on this organ may cause impairment of 
gas and ion exchange,affecting the animal health (Roberts, 2001). 
In the literature, there are several reports of the parasites in the red-bellied pacu and 
pirapitingas;however,there isn’t any report about the parasites in the hybrid patinga probably because 
it is a relatively recent breed (Eiras et al., 2010). Studies have shown that the pacu fish is the natural 
monogeneans host of the species Anacanthorus penilabiatus (Pavanelli et al., 2008) and 
Mymarothecium viatorum (Cohen; Khon, 2005). In cultured pacus, the occurance of  Anacanthorus 
penilabiatus, A. spathulatus, Urocleidoides sp. e M. viatorum (Urbinati et al., 2010) have been 
reported. In the pirapitingas there have also been reports on the occurence of  A. penilabiatus and M. 
viatorum (Cohen; Khon, 2009).  
Nevertheless,studies have been carried out to determine if the hybrids have the expected 
characteristics in relation to their parentals ,which can have impact on the choice of the species for 
the farming (Franceschini et al., 2013). The current study has aimed at identifying and analising the 
parasite load in the round fish species and their hybrids in a closed farming system as well as the 
susceptibility of the parasite load in relation to the genetic groups.  
 
2 MATERIAL AND METHODS 
The data provided are from a 10-month experiment that took place in the fish breed station of 
the Federal University of Lavras. The experiment was conducted in a water recirculation laboratory 
equipped with16 water tanks with capacity of 500 liters. This system is composed of biofilter, Pt-
100 temperature sensor, temperature controller (n540), and a pump (somar 1/3 hp). 
The animals were distributed randomly in the 16 water tanks of the recirculation system, being 
2 tanks per genetic group with density of six animals per tank. The recirculation system was checked 
so that there were 3 total renewal per hour and the temperature was kept at 28º C during all the 
research period.The animals were fed ad libitum commercial animal food  with a 32% of crude 
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protein,offered three times a day until they reached 100 grams of live weight (8 a.m.,12 p.m.,4 p.m.) 
and twice a day after this weight range (8 a.m.,2 p.m.).The oxygen dissolved was monitored on a 
daily basis and the ammonia,nitrite,nitrate and pH  every three days,at 180 days of age the animals 
were counted inside the tanks. 
 Ninety-six  juveniles of Serrasalminae were acquired from two comercial fish farm from São 
Paulo State,the suppliers informed that there were 12 juveniles ( thirty days of age) each one from  
the following genetic groups (species and its hybrids): pacu,pirapitinga,tambaqui, (♀pacu x 
♂tambaqui), tambacu (♀tambaqui x ♂pacu). DNA samples were collected from the animals for 
molecular analysis with the purpose of obtaining the confirmation of the species as well as the hybrid 
groups.The molecular analysis took place at São Paulo State University "Júlio de Mesquita Filho" 
(UNESP) in the Fish Genetic Laboratory (LAGENPE) following the methodology of Hashimoto et 
al. 2012. The experiment was approved by the bioethics committee of the Federal University of 
Lavras, protocol n° 014/15. 
For the parasitological examinations, the animals were sent to the Helminthology Laboratory, 
Veterinary Medicine Department, from Federal University of Lavras. Initially the animals underwent 
clinical examinations.Then, the body weight (g) and the standard lengh(cm) were checked. Fish 
autopsies were performed with incisions bellow the operculum for the total removal of the gills 
according to (Jerônimo et al., 2012). The organ was removed and placed on identified petri dishes for 
immediatte fresh examination of the gill filaments performed with the lamina and the glass side using 
saline solution (0,85% NACL) visualized by an optical microscope to check the presence of parasites. 
The gill arches, after being examined,were positive when placed in labled bottles with 5% 
formalidehyde. After the parasite fixation,they were removed from the gill filaments with the aid of 
the stereo microscope  and they were measured.The monogenetic on the gills of each fish were 
quantified and 10 copies of each sample were sent for the lamina preparation in Hoyer’s solution 
(Eiras et al., 2006) for the study of sclerotized structures as hooks,anchors,bars of haptor and the 
copulatory complex,important in the identification of the genres and species of the group.The species 
of monogenea found on Piaractus mesopotamicus, Piaractus brachyopomus, Colossoma 
macropomum and on the hybrid fish from the  species that were mentioned were identified by Kritsky, 
Thatcher e Kayton (1979); Kritsky, Boeger e Van Every (1992); Kritsky, Boeger e Jégu (1996); 
Thatcher (2006) Eiras, Takemoto e Pavanelli (2010). 
Based on the measurement, the intensity of parasitism and the ocurrence of parasites were 
established.The intensity of parasitism or parasite load was defined as the total number of 
parasites,from each species,divided by the number of hosts,which was calculated according to (Bush 
et al.,1997). 
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The prevalence measures how many animals are sick,the incidence measures how many 
animals became sick. Both concepts implicate space and time which ones became sick  in a particular 
place and time.The prevalence was calculated according to the formula: prevalence=number of 
infected fish/number of examined fish x 100 and the average intensity=number of parasites/number 
of fish with parasites.The average abundance= total number of parasites /the total number of the fish 
sample.The condition factor used was the Fulton with the following formula: Fc=P/CT3 (P: weigh e 
CT: pattern lengh) (Bush et al., 1997). 
The statistic analysis took place through R 3.1 software version (R CORE TEAM, 2014). For 
the parasite load,the average intensity and the abundance analysis ,the kruskal test was used the 
library with agricolae.  
For the parasite load,the average intensity , the abundance analysis, the Kruskal-Wallis test 
was used and there was a multiple comparison of  non-parametric data of a 5% significance level. 
Spearman’s correlation coeficient was used to observe the correlation between the parasite 
load,weight and the condition factor. 
 
3 RESULTS AND DISCUSSION 
After the period of adaptation it was observed that there wasn’t animal mortality and the 
quality parameters of the water along all the experimental period were within an appropriate level, 
according to the limits recommended by Resolution n° 357 of 2005, Conselho Nacional do Meio 
Ambiente CONAMA (The National Council of Environment) (BRASIL, 2005)  and according to the 
reference values ( Urbinati et al., 2010). 
The animals were identified through technical analysis of  cell biology and 10 pacus,7 
tambaquis and 10 piratingas.The hybrids identified were 13 paquis and 7 pirapicus.There was also 
the identification of 22 individuals Post F1,however, it was not possible to define the genetic make 
of this group. A total of 69 animals were subjected to parasitological tests. 
The average weight,the standard length and the condition factors of the individuals are presented on 
table 1. 
 
Table 1 Mean and standard deviation of weight, standard length and condition factor of the genetic groups of 
pacus, pirapitingas, tambaquis and their hybrids 
 Weight (g) Standard  
length (cm) 
Total parasite 
load 
Condition factor 
Pure     
Pacu 541,50 (156,38) 24.57 (2,21) 3030 0,036 (0,001) 
Tambaqui 1522,86 (220,42) 34,19 (1,60) 5459 0,038 (0,002) 
Pirapitinga 816,00 (147,60) 29,01 (1,65) 6079 0,033 (0,002) 
Hybrid     
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Paqui 694,69 (252,28) 28,18 (3,42) 5367 0,037 (0,003) 
Pirapicu 622,00 (176,11) 24,80 (2,50) 2489 0,035 (0,002) 
Post F1 843,91 (353,73) 27,54 (3,67) 4545 0,039 (0,005) 
 
It was not observed significant correlation (p>0,05) between parasite load,weight and 
condition fator. During the parasitological analysis of gills two genres of monogeneans were 
identified, Anacanthorus sp. and Mymarolhecium sp. (Table 2). However, none of the fish collected 
showed clinical signs of parasitic infection. 
Among the analysed animais of pure species, the pacu fish was the one that presented the least 
load of Anacanthorus sp and among the hybrids were the pirapicu and the Post F1.The pirapitinga 
fish was the one that presented the greastest susceptibility to the Anacanthorus sp.The tambaqui and 
paqui presented intermediary infestation levels. For the Mymarolhecium sp pacu and all the hybrids 
presented lower load than the tambaqui and pirapitinga. In the total count of parasites all the animals 
presented lower rates of Anacanthorus sp if compared to Mymarolhecium sp.For prevalence, the 
group Post F1 presented lower rates due to the presence of negative animals for the Anacanthorus sp 
while the paqui group presented lower rates of Mymarothecium sp. 
 
Table 2 Parasitic index regarding the incidence rate of  Anacanthorus sp. and Mymarothecium sp em pacus, 
pirapitingas, tambaquis and hybrids 
Anacanthorus sp 
 The mean 
count of 
parasites 
Total 
count of 
parasites 
Prevale
nce 
% 
The 
mean 
intens
ity 
The mean 
adundanc
e 
The 
mean 
count 
of 
parasit
es 
Total 
count of 
parasites 
Prevalence 
% 
Pure         
Pacu 25,00b 250 100,00 25,00 25,00 278,00b 2780 100,00 
Tambaqui 51,57a 361 100,00 51,57 51,57 728,29a 5098 100,00 
Pirapitinga 93,70a 937 100,00 93,70 93,70 514,20a 5142 100,00 
Hybrids         
Paqui 72,38a 941 100,00 72,38 72,38 340,46b 4426 92,31 
Pirapicu 22,29b 156 100,00 22,29 22,29 333,29b 2333 100,00 
Post F1 13,50b 297 95,45 14,14 13,50 193,09b 4248 100,00 
*Mean followed by the same letter in the collumn has a 5% difference in significance 
 
The mean intensity and abundance for Anacanthorus sp showed difference only in comparison 
to Post F1due to the presence of negative animals,the other groups had the same results and for the 
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Mymarolhecium sp the paqui was the only one that showed different results, the others didn’t present 
any difference. 
The experiments were conducted on a recirculation system with controlled limnological 
parameters. Nevertheless,the animals come from two comercial fish farms, the fish transport from 
the fish farms to the laboratory acted as a disseminator of agents with a pathogenic potential in the 
fish farming system. 
The transport, besides acting as a disseminator, is an element that causes stress, as the animals 
are exposed to a low concentration of oxygen dissolved in the water,high concentration of ammonia, 
sudden changes in the temperature and pH, predisposing them to several parasitic and infectious 
diseases (Martins et al., 2002). 
The monogeneans Anacanthorus sp e Mymarothecium sp were present in all genetic 
groups,demonstrating the high prevalence and low specifity, which were contrary to the literature 
data (Takemoto et al,. 2004). This is probably associated to the fact that such parasites have a 
monoxide cycle and they reproduce rapidly, mainly in environments with a high concentration of 
hosts, allowing their cycle development (Takemoto et al., 2004; Pavanelli et al., 2008) and it also 
happens due to the recirculation system. 
The monogenetics may be actively transmited from host to host, in contrast to the 
endoparasites that are mostly trophically transmitted (Yamada et al., 2008). Thus, the fish confinment 
allows the proliferation of parasites and enables their spread,especially due to the proximity of the 
host ( Franceschini et al., 2013). 
The results obtained by Boeger et al. 1995, coincide with the ones presented in the current 
study.The authors revealed high abundance of Anacanthorus sp., in artificial enviroments,such as fish 
farming. The Anacanthorus sp. was also described colonizing gills of pirapitinga e tambaqui farmed 
in the State of Ceará, Brazil. (Pamplona-Basilio; Kohn; Feitosa 2001). The first report on infestation 
occurences of Mymarothecium in fish of the sub-family Serrasalminae was related by Boeger et al. 
2002. Later, Cohen e Kohn, 2005 also reported the ocurrence of Mymarothecium sp. in gills of pacu 
and pirapitinga. 
The current study has also demonstrated that the tambaqui and pirapitinga groups presented 
higher parasite load when compared to pacu. This fact was due to the specifity shown by  the 
monogeneans when in relation to their host.As the Anacanthorus sp. e Mymarothecium sp. were 
described in the natural population of fish from the Amazon Basin,as the tambaqui and the 
pirapitinga. (Kohn e Cohen 1998; Thatcher, 2006). 
Although all the animals analyzed were infested by Anacanthorus sp. e Mymarothecium sp.,in 
general,the pacus,parapicus and Post F1 presented greater resistence to the parasitological 
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infestations.The pacu fish is from Bacia do Prata, that offers conditions that are different from the 
ones found in Bacia Amazônica (Amazon Basin) (Urbinati et al.,2010; Froese e Pauly, 2011). 
However, according to Yamada et al. 2008 important limnological changes may affect the dynamic 
system of the parasite-host interaction, which can explain the presence of  Anacanthorus sp e 
Mymarothecium sp. in pacus. 
A likely cause for the resistence of pirapicu could be due to the fact that pacus are their 
parentals. Since, pirapicu is the result of the cross-breeding between the pirapitinga females and the 
pacu male.Therefore, it is possible to say that the resistence is explained by the fact that one of the 
parentals is the pacu and come from the allelic complementation between the species used in the 
crossed breeding, in other words, the hybrid vigor. 
 
4 CONCLUSION 
In all of the genetic groups, parasites were found, however, there was difference in their 
susceptibility to Anacanthorus sp., in the pure breed animal group, the pacu had the lowest load and  
regarding the hybrids it was the pirapicu and the Post F1. For the Mymarothecium sp., the pacu also 
showed resistence and the hybrids were paqui, pirapicu e Post F1. 
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